Abstract Elevated expression of NF-E2-related factor 2 (Nrf2), a nuclear transcription factor, is a frequent genetic abnormality seen in this malignancy and is an important contributor to chemoresistance in cancer therapy. In the present study, we investigated if Nrf2 was associated with drug resistance in tamoxifen-resistant MCF-7 (MCF-7/TAM) cells, and whether EGCG, major flavonoid isolated from green tea, could reverse drug resistance in MCF-7/TAM cells. Our results showed that the endogenous expression of Nrf2 as well as its target proteins heme oxygenase-1, NADP (H):quinone oxidoreductase in MCF-7/TAM cells was higher than that in MCF-7 cells. Epicatechin gallate (EGCG) significantly sensitizes MCF-7/TAM cells to tamoxifen and dramatically reduced Nrf2 expression at both the messenger RNA and protein, leading to a reduction of Nrf2-downstream genes. In addition, using siRNA technique, we found that the intracellular Nrf2 protein level was significantly decreased in MCF-7/ TAM cells and tamoxifen resistance was partially reversed by Nrf2 siRNA. Combination of siRNA-directed gene silencing with EGCG downregulated the Nrf2-dependent response and partly reversed tamoxifen resistance in MCF-7/TAM cells in a synergic manner. These results suggested that combining the chemotherapeutic effect of EGCG with siRNA-mediated Nrf2 knock-down results in the feasibility of using Nrf2 inhibitors to increase efficacy of chemotherapeutic drugs.
Introduction
Breast cancer is the most common invasive malignancy among women in the USA and the leading cause of death in women worldwide [1] . The treatment of breast cancers resistant to current standard therapies poses significant clinical challenges. Cancers intrinsically possess or develop mechanisms to evade the death-inducing effects of cytotoxic agents, as well as targeted therapies [2] . The ability to reduce breast tumor growth through the administration of anti-estrogen agents has played a key role in the endocrine therapy of breast cancer. A non-steroidal antiestrogen, tamoxifen (TAM), is the most widely used in estrogen receptor-positive breast cancer patients [3] . Although most patients are initially responsive, resistance to TAM is a critical problem for anti-estrogen therapy [4] . Therefore, it is urgently needed to develop new adjuvants that enhance the efficacy of TAM-based chemotherapy and circumvent chemoresistance.
Erythroid transcription factor NF-E2 (Nrf2) plays a critical role against oxidative and electrophilic stress [5] . Under normal conditions, majority of Nrf2 molecules are found to be in the cytoplasm. When the stable environment inside the cell is destroyed, Nrf2 translocates into the nucleus [6, 7] , forms a heterodimer with small Maf protein [8] , which then binds to Antioxidant Response Element (ARE), and enhances transcription of its target genes including NAD(P)H: quinone oxidoreductase (NQO1) and antioxidant proteins, such as hemeoxygenase-1 (HO-1) [9] . Many investigations have shown that the Nrf2-Keap1 pathway protects cells from many diseases including neurodegenerative disease and cancers [10, 11] . Recently, several studies indicated that activation of Nrf2 is associated with tumorigenesis and resistance of chemotherapeutics in lung cancer, colon cancer, prostate cancer, and type II endometrial cancer [12] [13] [14] [15] . Elevated expression of Nrf2 and its downstream genes contributed to MCF-7-derived tamoxifen resistance cell line, and using Nrf2 siRNA to block the expression of Nrf2 can reverse resistance of the cell lines to tamoxifen [16] .
Flavonoids are a group of natural compounds with variable phenolic structures and are found in plants, showing strong anti-proliferative activity against many types of cancers and sensitized cancer cells to anticancer agents [17, 18] . Green tea is one of the most popular and widely consumed beverages. Many studies suggest a protective role of green tea consumption against development of various types of cancers [19] . Thus, tea drinking has been associated with a reduced risk of stomach [20] , pancreatic and colorectal cancers [21] , and also with decreased recurrence of stage I and II breast cancer [22] .
Green tea is rich in a variety of catechin polyphenols such as (−)-epicatechin, (−)-epicatechin-3-gallate, (−)-epigallocatechin, and (−)-epigallocatechin-3-gallate (EGCG) [23] . Among these components, EGCG is the most abundant polyphenol with potent antioxidant and chemopreventive activities. EGCG has been shown to be protective against experimentally induced lung, forestomach, colon, breast, prostate, and skin cancer [24] [25] [26] [27] .
Recently, it was shown that epicatechin gallate (EGCG) inhibited HO-1 expression through blocking Nrf2 in nonsmall cell lung cancer A549 cells [28] . Based on these data, we are interested to answer this question whether combining the chemotherapeutic effects EGCG with siRNA-mediated Nrf2 knock-down can sensitize breast cancer cells to tamoxifen or reverse drug resistance by antagonizing the Nrf2/ARE signaling pathway.
Materials and methods

Reagents
EGCG was obtained from Sigma-Aldrich (St. Louis, MO) and dissolved in DMSO (the DMSO concentration in all drug-treated cell culture media was 0.1 %) and were used in all experiments unless otherwise indicated. Tamoxifen and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) were obtained from Sigma-Aldrich (St. Louis, MO). Primary antibodies for NQO1, HO-1, β-actin, α-tubulin, Nrf2 siRNA, and control siRNA were purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA). All other reagents used in this study were of analytical grade.
Cell culture
The human breast adenocarcinoma cells (MCF-7) were purchased from the National Cell Bank of Iran (NCBI), Pasteur Institute of Iran (Tehran, Iran), and maintained in DMEM medium supplemented with 10 % fetal bovine serum (FBS) and 100 U/ml penicillin and 100 μg/ml streptomycin. The cells were grown as monolayers at 37°C in humidified atmosphere with 5 % CO 2 and 95 % air. Tamoxifen-resistant MCF-7 cells (MCF-7/TAM) were established using the methodology reported elsewhere [29] . Briefly, MCF-7 cells were washed with PBS, and the culture medium was changed to phenolred-free DMEM containing 10 % charcoal-stripped, steroiddepleted fetal bovine serum (Hyclone, Logan, UT) and tamoxifen (0.1 μM). The cells were continuously exposed to this treatment regimen for 2 weeks and the concentration of tamoxifen was gradually increased to 3 μM over a 9-month period. Initially, the cell growth rates were reduced. However, after exposure to the medium for 9 months, the rate of cell growth gradually increased, showing the establishment of a tamoxifen-resistant cell line [30] .
Cell viability assay
Cell viability was determined using the MTT assay. Briefly, 2.5×10 4 cells in logarithmic phase were seeded in 96-well plates at 37°C with 5 % CO 2 for overnight incubation and treated with appropriate concentrations of test samples for the indicated times. The cells were then incubated with a serumfree medium containing MTT at a final concentration of 0.5 mg/ml for 4 h. The dark blue formazan crystals formed in intact cells were solubilized in dimethyl sulfoxide, and the absorbance was measured at 570 nm. Results were expressed as the percentages of reduced MTT, assuming the absorbance of control cells as 100 %.
Determination of drug resistance
To determine the drug resistance of MCF-7/TAM cells to tamoxifen, MCF-7 and MCF-7/TAM cells were plated into 96-well plates at approximately 8000 cells/well in 100 μl medium, then treated with various concentrations of tamoxifen for 24 h. Cell viability was assessed with MTT assay and cell survival ratio was calculated using A treated /A control ×100 %, where A treated and A control were the absorbance from treated and control cells after 24 h of incubation, respectively. The IC 50 was taken as the concentration that caused 50 % inhibition of cell proliferation, and the degree of resistance was estimated by resistance index (RI), which was calculated by IC 50 of MCF-7/TAM cells/IC 50 of MCF-7 cells [16] .
Nrf2 siRNA transfection
The transfection of siRNA was performed using Lipofectamine 2000 Reagent (Invitrogen, Carlsbad, CA) according to the manufacturer's protocol. Briefly, a total of 20×10 4 cells were seeded into six-well plates and transfected the next day with a 100 nM final concentration of siRNA, using 5 μl Lipofectamine 2000. Cells were harvested 48 h after transfection for western blot analysis. To measure the effect of siRNA and EGCG treatment together, the cells were treated with EGCG for another 24 h before determining cell viability and apoptosis.
Quantitative real-time PCR analysis (qRT-PCR)
Total RNA was extracted from cultured cells using Trizol reagent (Invitrogen, Carlsbad, CA) according to the manufacturer's protocol and quantified with Nanodrop 2000 (Thermo Fisher Scientific, Waltham, MA). First-strand cDNA synthesis and amplification were performed using reverse transcription reagents (SABiosciences) following the manufacturer's instructions. The quantitative PCR reactions included 7.6 μl cDNA and 12.4 μ l of SYBR Green Master Mix (SABiosciences) with a pair of primers. The reactions were monitored on a 7500 Real-Time PCR System with 7500 software, version 2.0.5 (Applied Biosystems, Foster City, CA). The primers were synthesized by Integrated DNA Technologies (Iowa, USA) and are listed in Table 1 . The real-time PCR condition was as follows: one cycle of initial denaturation (95°C for 10 min), 40 cycles of amplification (95°C for 15 s and 60°C for 60 s), and a cooling program (50°C for 5 s). The data were expressed as relative mRNA levels and were normalized to GAPDH.
Preparation of nuclear extracts
Cells in the dishes were washed with ice-cold PBS. The cells were then scraped, transferred to microtubes, and allowed to swell after adding 100 μl of a hypotonic buffer containing 10 mM HEPES (pH 7.9), 10 mM KCl, 0.1 mM EDTA, 0.5 % Nonidet P-40, 1 mM dithiothreitol, and 0.5 mM phenylmethylsulfonylfluoride. The lysates were incubated for 10 min on ice and centrifuged at 7200×g for 5 min at 4°C. Pellets containing the crude nuclei were resuspended in 50 μl of an extraction buffer containing 20 mM HEPES (pH 7.9), 400 mM NaCl, 1 mM EDTA, 10 mM dithiothreitol, and 1 mM phenylmethylsulfonylfluoride and incubated for 30 min on ice. The samples were centrifuged at 15,800×g for 10 min to obtain supernatants containing the nuclear fractions. The nuclear fractions were stored at −80°C until needed.
Lactate dehydrogenase (LDH) release assay
LDH activity was assayed spectrophotometrically following the decrease in absorbance of NADH at 340 nm by LDH assay kit (Pars azmoon, Tehran, Iran). The percentage of LDH released from the cells to the culture medium was calculated according to fol lowing formula: % LDH released=(LDH in culture medium/LDH in culture medium+LDH in cell lysates)×100.
Oxidative stress parameters assay
Glutathione peroxidase (GSH-Px) activity was measured spectrophotometrically by a Randox laboratory kit (Randox, Lab. Ltd. Ireland) according to the method described by Pagila and Valentin [31] . SOD activity was measured based on inhibition of the formation of amino blue tetrazolium formazan in nicotineamide adenine dinucleotide, phenazine methosulfate, and nitroblue tetrazolium (NADH-PMS-NBT) system, according to the method of Kakkar et al. [32] . The mean MDA levels (nmol/mg protein) were measured by the double heating method of Draper and Hadley [33] .
Western blot assay
MCF-7 and MCF-7/TAM cells with different treatments were washed twice with PBS then collected for protein extract preparation. Briefly, the cells were lysed with RIPA buffer then nuclear and cytoplasmic extracts were separated using NE-PER nuclear and cytoplasmic extraction reagents (Thermo Scientific, Waltham, MA, USA). Equal amounts of lysate (based on the protein contents) were then separated using SDS-PAGE, blotted onto polyvinylidene di-fluoride membranes, reacted with specific primary antibodies, and then visualized with appropriate conjugated secondary antibodies. The immunoreactive bands were detected using the ECL method and visualized on Kodak Bio-MAX MR film. All blots were stripped and probed with polyclonal anti-β-actin antibody to ascertain equal loading of the proteins.
Cell colony formation assay
The inhibition of the colony formation of MCF-7/TAM cells following treatment with EGCG and Nrf2siRNA was measured by soft agar assay. Briefly, transfected cells (8×10 3 cells/ml) were treated with (100 μM) EGCG in 0.3 % Basal Medium Eagle (BME) agar containing 10 % FBS, 2 mM Lglutamine, and 25 μg/ml gentamicin. The cultures were maintained at 37°C with 5 % CO 2 atmosphere for 10 days. Cell colonies were scored using a conventional microscope. 
Flow cytometry analysis
The extent of apoptosis was measured through annexin V-FITC/PI apoptosis detection kit (Invitrogen, CA, USA) as described by the manufacturer's instruction. After treatment, the cells were collected, washed twice with PBS, gently resuspended in annexin V binding buffer and incubated with annexin V-FITC/PI in the dark for 10 min, and analyzed by flow cytometry (Partec PAS, Germany).
Statistical analysis
All results shown represent means±SD from triplicate experiments performed in a parallel manner unless otherwise indicated. Statistical analysis was performed using one-way ANOVA. See details of each statistical analysis used in figures and figure legends.
Results
Establishment of a tamoxifen-resistant breast cancer cell line
In this study, the acquisition of tamoxifen resistance in MCF-7/TAM cells was confirmed through MTT assay. The cell viability assay revealed that the percentage of surviving cells decreased significantly in a dose-dependent manner. Tamoxifen (10 μM) treatment in control MCF-7 cells significantly inhibited cell proliferation but not in MCF-7/TAM cells (more than 80 % of live cells) (Fig. 1a) . The 50 % inhibition concentration (IC 50 ) for tamoxifen in the MCF-7 and MCF-7/ TAM cells was 3.0 ± 0.2 vs. 10.2 ± 0.9 μM, respectively (p<0.05). To verify the drug resistance phenotype of MCF-7/TAM cells, the resistance index (RI) was calculated by IC 50 of MCF-7/TAM cells/IC 50 of MCF-7 cells. The RI was 3.4, indicating that MCF-7/TAM cell line is tamoxifen resistant. Our results manifested that MCF-7/TAM cells could be relatively resistant to tamoxifen treatment and suitable for our further studies.
Nrf2 pathway is activated in resistant breast cancer cells
Nrf2 is an essential transcription factor that binds to ARE sequences and regulates an aforementioned anti-oxidant protein expression [34, 35] . Upregulation of the Nrf2 signaling is thought to account for the drug resistance phenotype. Thus, we measured nuclear (activated) levels of Nrf2 in both MCF-7 and MCF-7/TAM cells. Our results showed that in MCF-7/ TAM cells, the expression of total (A) and nuclear Nrf2 protein (B) and its downstream genes HO-1 and NQO1 was distinctly higher than that in MCF-7 cells (Fig 2a, b) . [32] . RF >1 indicates enhanced drug sensitivity in the presence of modulator, RF=1 indicates no effect, and RF <1 indicates decreased drug sensitivity; the greater the RF magnitude, the more significant the reversal effect. As shown in (Fig. 3b) , while SOD and GSH-PX activities were decreased (p<0.05) (Fig. 3c, d ).
EGCG inhibited the Nrf2 signaling pathway
Real-time quantitative PCR analysis revealed that EGCG suppressed the mRNA expression of HO-1 and NQO1 in a dosedependent manner. EGCG at a concentration of 50 and 100 μM reduced the mRNA levels of these genes. Interestingly, Nrf2 mRNA was downregulated even more than its target genes. In MCF-7/TAM cells, Nrf2 mRNA level dropped more than 53 % in the presence of 50 μM EGCG (Fig. 4a) . In contrast, Keap1 mRNA level was affected less than other ones, suggesting that EGCG-mediated inhibition is independent of Keap1. In addition, EGCG reduced protein levels of nuclear Nrf2 as well as Nrf2-target genes, including HO-1 and NQO1 in a dose-dependent manner, consistent with their mRNA expressions (Fig. 4b) . Taken together, these results suggest that EGCG inhibits transcription of the ARE-driven genes in MCF-7/TAM cells.
Genetic knockdown of Nrf2 sensitized MCF-7/TAM cells to tamoxifen
To assess the effects of Nrf2 on cancer cell proliferation and anticancer drug resistance, the expression of Nrf2 was knocked down using Nrf2 siRNA to reduce the endogenous Nrf2 expression in MCF-7/TAM cells. As shown in Fig. 5a , the expression of total and nuclear protein of showed that modulation of the Nrf2-mediated cellular defense response is an effective means to manipulate the sensitivity of MCF-7/TAM cells to tamoxifen.
Decrease in Nrf2 protein level inhibits colony formation
We then tested whether RNAi-mediated reductions in Nrf2 levels could influence the ability of MCF-7/TAM cells to form colonies in soft agar. Transfected MCF-7/TAM cells with Nrf2siRNA were placed into medium with soft agar, and colonies were counted after 2 weeks. RNAi directed against Nrf2 resulted in a significant decrease (about 55 %) in colony formation in MCF-7/TAM cells ( Fig. 6 ) (p<0.001). These results
showed that the reduction in Nrf2 protein level decreased the ability of MCF-7/TAM cells to form colonies in soft agar.
Nrf2 siRNA and EGCG increase cytotoxicity in a synergic manner
The MTT values for MCF-7/TAM cells after transfection with Nrf2siRNA, in the presence or absence of 50 and 100 μM EGCG, are presented in Fig. 7 . The results showed that Nrf2siRNA and EGCG induce a decrease in number of live cells by 20 and 15 %, respectively, after 24 h of treatment, without any noticeable cytotoxicity associated with delivery system. Next, to determine whether Nrf2 siRNA and EGCG can reverse the resistance of MCF-7/TAM cells to tamoxifen, the RF values was calculated. Based on data obtained from Table 3 , co-treatment of MCF-7/TAM with Nrf2 siRNA and EGCG with RF >1 enhanced the sensitivity of tamoxifenresistant breast cancer cells to tamoxifen by 2.61-and 3.3-fold at 50 and 100 μM EGCG, respectively.
EGCG and Nrf2 siRNA can induce apoptosis of tamoxifen-resistant breast cancer cells
To further determine if EGCG and/or Nrf2 siRNA treatment also induce cellular apoptosis, percentages of apoptotic cells in MCF-7/TAM cells before and after treatment were analyzed by flow cytometry following staining with Annexin V-FITC (Fig. 8a) . We further compared the protein expressing level of caspase-3, caspase-9, caspase-8, Bcl2, and Bax in MCF-7/TAM cells co-treated with EGCG and Nrf2 siRNA. As expected, co-treatment of tamoxifen-resistant MCF-7 cells with EGCG and Nrf2 siRNA increased the protein expressions of caspase-3, caspase-9, caspase-8, and Bax, but decreased Bcl2 protein expression in MCF-7/TAM compared to control (Fig. 8b) . These observations suggest that Nrf2 siRNA induces cell apoptosis in MCF7/ TAM cells, and EGCG can significantly potentiate the apoptosis induction.
Discussion
Breast cancer is the leading cause of cancer death in women worldwide. Despite advances in detection and chemotherapy, many women with breast cancer continue to die of this malignancy [36] . Therefore, an understanding of the molecular mechanisms involved in breast cancer formation and progression should be helpful in developing more effective treatments for breast cancer. Drug resistance during chemotherapy is the major obstacle to the successful treatment of many cancers. Tamoxifen remains a commonly prescribed drug for the treatment and prevention of ER-positive breast cancer, as the drug increases survival and helps maintain disease-free status [37] . Tamoxifen works principally through ER antagonism, but also involves ER-independent pathways. Tamoxifen induces apoptosis by increasing oxidative stress, which may mediate its anti-tumor effect [38, 39] .
RNA interference (RNAi) is a remarkable endogenous regulatory pathway that can bring about sequence-specific gene silencing. If harnessed effectively, RNAi could result in a potent targeted therapeutic modality with applications ranging from viral diseases to cancer [40] . The discovery of siRNAs-constructs that can be designed to specifically and efficiently silence genes of interest-has stirred considerable excitement. Most exciting is the potential therapeutic application of this technology. Though a number of challenges stand in the way of realizing this potential, the biggest bottleneck in siRNA delivery, over a decade of innovative engineering, has resulted in solutions to a number of these challenges, laying down a foundation for continuing headway toward making widespread therapeutic siRNA a reality hopefully in the not too distant future [41, 42] . Currently, several potential siRNA candidates are undergoing clinical trials for treatment of macular degeneration, respiratory diseases, and cancers. It has also been observed that blocking the expression of the Nrf2 gene or anti-apoptotic genes, such as Bcl2, survivin, XIAP, and RhoGDI, increases the susceptibility of tumor cells to chemotherapy-induced apoptosis [43] . Much evidence confirms the positive role of Nrf2 in resistance of cancer cell to chemotherapy agents [44, 45] . Here, we found a notably high level of Nrf2 and its target genes such as HO-1 and NQO1 in tamoxifen-resistant human breast carcinoma (MCF-7) cells compared to control MCF-7 cells (Fig. 2) . These findings confirmed that the increase of Nrf2 was one of the reasons that led to resistance to tamoxifen in MCF-7 cells. Transfection of MCF-7/TAM with Nrf2 siRNA attenuated the Nrf2-mediated signaling, resulting in the increased sensitivity of MCF-7 cells to tamoxifen. Based on these observations, our results explained that activation of Nrf2-mediated signaling accounts for, at least in part, tamoxifen resistance in breast carcinoma cells.
Flavonoids are polyphenolic compounds that occur ubiquitously in food plants and vegetables. Flavonoids are generally safe and are associated with low toxicity, making them ideal candidates for cancer chemopreventive agents. Several flavonoid compounds have been reported to be potent Nrf2 inhibitors, such as epigallocatechin 3-gallate, luteolin, and brusatol [28, 46, 47] . The chemopreventive effects of green tea have been attributed to polyphenolic ingredients that have potent antioxidant properties. Among many polyphenolic compounds isolated from green tea, (−)-epigallocatechin gallate (EGCG) is recognized as a key active constituent in terms of cancer chemopreventive potential. It is reported that EGCG can significantly inhibit the growth of acute myeloblastic leukemia cells and induce apoptosis in human cancer cells [48, 49] . In one study done by Farabegoli and colleagues, they showed that EGCG could compete with 17-beta-estradiol for binding to estrogen receptor alpha (ERalpha), and functionally active ERalpha may have a role in EGCG cytotoxicity, increasing the sensitivity to the drug [50] . EGCG significantly enhanced the growth inhibition and apoptosis in both doxorubicin (DOX)-sensitive and -resistant MCF-7 cells induced by curcumin. The mechanism may be related to the further activation of caspase-dependent apoptotic signaling pathways and the enhanced cellular incorporation of curcumin by inhibiting P-glycoprotein (P-gp) pump function. Moreover, curcumin and EGCG in combination could enhance the toxicity of DOX and increase the intracellular level of DOX in resistant MCF-7 cells [51] . Current studies showed that EGCG downregulates Pg-P and BCRP in a tamoxifen-resistant MCF-7 cell line. These three plasma membrane proteinsMultidrug Resistance Protein (MRP1), P-glycoprotein (Pgp), and Breast Cancer Resistance Protein (BCRP)-are Fig. 7 The inhibitory effect of EGCG on Nrf2 siRNA transfected MCF-7/TAM cell proliferation. Cells were treated with various concentrations of EGCG 24 h, and cell viability was determined by the MTT assay involved in the mechanism of drug resistance in MCF-7 cells [52] . These prompted us to determine whether EGCG in combination with Nrf2 siRNA exerts a synergic pro-apoptotic effect that are greater than those of each agent taken individually and can sensitize cancer cells to anticancer drugs through inhibiting Nrf2 signaling pathway. Based on these, the objective of this study, in part, was to use natural phytochemicals to enhance the efficacy of siRNA therapy. Our results showed that the EGCG in combination with Nrf2 iRNA has synergic apoptotic effects, which are greater than each compound taken individually. EGCG suppressed nuclear Nrf2 expression as well as the expression of its downstream antioxidant enzymes in MCF-7/TAM cells. This study addresses an important issue of enhancing the efficacy of chemotherapy by targeting Nrf2 signaling, based on the findings that overexpression of Nrf2 in cancer cells provides growth advantages and results in drug resistance. On the other hand, it seems worthy to mention that not all Nrf2 activators would be bad for cancer, depending on the stages of cancer, as well as whether the Nrf2 activators will also inhibit other signaling pathways, such as the NF-kB pathway, and induce cell cycle arrest and apoptosis. In conclusion, the present study demonstrates that MCF-7/TAM cells acquiring resistance to chemotherapeutic agents due to Nrf2 overexpression become susceptible by the drug treatment combined with EGCG. Because of the complexity of cancer, combination therapy is becoming increasingly important to overcome multidrug resistance in cancer and to enhance apoptosis. The present study provides evidence that Nrf2 siRNA has synergic effects when combined with EGCG in the induction of apoptosis and reducing drug resistance, as shown by MTT and PCR-array data. The advantage of combining EGCG with Nrf2-targeted RNAi therapy is that it leads to the activation of alternative apoptosis-inducing pathways and suggests promising new therapies for cancer inhibition. Further studies in animal models as well as in human clinical trials are necessary to test the efficacy of co-treatment of EGCG as well as other Nrf2 inhibitors during chemotherapy.
